Inefficient spin trapping of superoxide in the presence of nitric-oxide: implications for studies on nitric-oxide synthase uncoupling.
Uncoupling of nitric-oxide synthase (NOS) by deficiency of the substrate L-arginine or the cofactor (6R)-5,6,7,8-tetrahydrobiopterin (BH4) is known to generate the reactive oxygen species H2O2 and superoxide. Discrimination between these two compounds is usually achieved by spin trapping of superoxide. We measured superoxide formation by uncoupled rat neuronal NOS, which contained one equivalent of tightly bound BH4 per dimer, using 5-(diethoxyphosphoryl)-5-methyl-1-pyrroline-N-oxide (DEPMPO) as a spin trap. As expected, the Ca2+-stimulated enzyme exhibited reduced nicotinamide adenine dinucleotide phosphate (NADPH) oxidase activity that was accompanied by generation of superoxide and H2O2 in the absence of added L-arginine and BH4. Addition of BH4 (10 microM) did not significantly affect the rate of H2O2 formation but almost completely inhibited the apparent formation of superoxide, suggesting direct formation of H2O2. Although L-arginine (0.1 mM) increased the rate of NADPH oxidation about two-fold, the substrate largely attenuated apparent formation of both superoxide and H2O2, indicating that the spin trap did not efficiently outcompete the reaction between NO and superoxide. The efficiency of DEPMPO to scavenge superoxide in the presence of NO was studied by measuring free NO with a Clark-type electrode under conditions of NO/superoxide cogeneration. Neuronal NOS half-saturated with BH4 and the donor compound 3-morpholinosydnonimine (SIN-1) were used as enzymatic and nonenzymatic sources of NO/superoxide, respectively. Neither of the two systems gave rise to considerable NO signals in the presence of 50-100 mM DEPMPO, and even at 400 mM the spin trap uncovered less than 50% of the NO release that was detectable in the presence of 5000 U/ml superoxide dismutase. These results indicate that DEPMPO and all other currently available superoxide spin traps do not efficiently outcompete the reaction with NO. In addition, the similar behavior of nNOS and SIN-1 provides further evidence for NO as initial product of the NOS reaction.